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Abstract 
The effect of interdiffusion of Al, Ga and In atoms on confining potential, ground state energy level of electron and interband 
light absorption coefficient in In1-xGaxAs/InAs/In1-yAlyAs quantum well is investigated in the framework of variational method 
and Wood-Saxon potential model. It is shown that the interdiffusion leads to the smearing of potential rectangular profile, to the 
rising up of ground state energy level and to the significant decrease in the interband absorption coefficient. 
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1. Introduction 
Many experimental works are devoted to the investigation of the influence of interdiffusion, induced by the rapid 
thermal annealing (RTA) on photoluminescence spectrum of self-assembled quantum dots, Leon et al. (1998), Lobo 
et al. (1998), Xu and Wang (1998), Wang and Xu (1999), Fafard and Allen (1999), Ji et al. (2003). Theoretical 
calculations (Barker and O’Railly (1999), Ganawan et al. (2005)), indicate the increasing of absorption threshold, 
which is in accordance with the experimentally observed blue shift of photoluminescence spectrum, Ji et al. (2005). 
Due to the small sizes of nanostructures, even a small interdiffusion leads to the considerable variation in the band 
structure and, hence, in the physical properties of a material, Gunawan et al. (2005). Aghchegala et al. (2011) 
studied the influence of Ga and Al atoms interdiffusion on the band structure and absorption coefficient of coupled 
double quantum wells  on the basis of a potential composed of four modified Wood–Saxon potentials and shown 
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that the real confining potential of a double quantum well (DQW) can be successfully replaced by the modified 
Wood–Saxon potential, which provides analytical solution of Schrödinger equation, and so, makes possible the 
calculation of physical characteristics of systems, composed of DQW. The electronic structure, wave functions, 
oscillator strength, chemical potential and intersubband absorption spectrum are calculated as functions of diffusion 
length and temperature. It is well known that the interdiffusion of compound materials as well as strains in the 
heterojunction region make efficient changes in the confining potential profile, changing electronic and optical 
properties of nanostructures, Ganawan et al. (2005), Aghchegala Et al. (2010), Xu et al. (2000). 
Some authors suggested the application of some models of potential well, such as parabolic, Kazaryan et al. 
(2005), Pöschl-Teller, Hakimyfard et al. (2009) and Wood-Saxon confining potentials, Mughnetsyan and 
Kirokasyan (2007), which provide a reasonable description of the potential profile of real quantum dot(QD). 
Application of this models is justified because they give an opportunity for obtaining electron wave function, and 
hence, for calculation of electronic and optical properties of semiconductor heterostructure. Theoretical calculations 
and experimental measurements indicate to the significant blue shift and the reduction of the width of 
photoluminescence spectrum in QW due to the interdiffusion stimulated by the post-growth thermal annealing, 
Dang et al. (2007), Lin et al. (2007). 
In this work, the effect of interdiffusion of Al, Ga and In atoms on confining potential, ground state energy level 
of electron and interband light absorption coefficient in In1-xGaxAs/InAs/In1-yAlyAs quantum well is investigated in 
the framework of variational method and Wood-Saxon potential mode. 
2. Theory 
The calculations are carried out for In1-xGaxAs/InAs/In1-yAlyAs quntum well. The Schrödinger eqution for an 
electron in this QW takes the following form 
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ܸሺݖǡ ܮሻ is the real confining potential of electron and is defined as: 
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where ܮ ൌ ʹሺܦݐሻଵȀଶ (ܦ is the diffusion coefficient,ݐ is time) is the diffusion length, Q = 0.6 is electron band 
offset coefficient, ݉ is effective  mass of charge carrier, ܧ௚଴  is forbidden bandgap ofܫ݊ܣݏ and  ܧ௚ሺݔǡ ݕሻ is forbidden 
bandgap of In1-xGaxAs/InAs/In1-yAlyAs  QW which has been obtained from Vegard
's law, Leon et al. (1996), Gillin 
et al. (1993), and is given by 
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Where ݔ and  ݕ are the concentration of diffusing atoms which we obtained from Fick’s laws, Barker and 
O’Railly and are as the following equations 
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ܮଵ is the diffusion length at left side and is taken as parameter, ݔ଴ and ݕ଴ are initial concentration of In atoms at 
left and right barriers respectively which are chosen such that the initial height of barriers become equal, ܽ଴ is initial 
width of the QW and  ݁ݎ݂ሺݑሻ is the error function, Abramowitz and Stegun (1964). For analytical solution of the 
Schrödinger equation, the real diffused  potential (2) is replaced by model potential: 
( , ) ( )mV z L W z zE 
   (6) 
In (6)  ܹሺݖሻ is the Wood-Saxon (WS)  potential which is defined by following relation, Flugge (1999): 
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where ଴ܸ is the initial depth of potential well,ߙ and ߚare parameters to be determined such that the model 
potential corresponds to the real diffused potential.  
 The wave function of electron in the ground state of conduction band in considered structure can be written as 
follows: 
( , ) ( )exp( )z L N y z\ F G 
   (8)
whereܰ is normalization factor, ߜ is variational parameter and  ߯ሺݕሻ  is the analytical solution of the 
Schrodinger equation with WS  potential and  has the following form, Flugge (1999): 
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the hypergeometric function. The interband absorption coefficient is expressed by, Basu (1997):
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where ܨ௜ሺ௙ሻሺݎԦሻ is the total wave function of initial (final) state, ௜݂ǡ௙൫ߝ௜ǡ௙൯ is the Fermi-Dirac distribution function, 
e and  ݉଴  are charge and mass of free electron,  ߱ and  ߝԦ are the frequency and the polarization vector of incident 
radiation respectively,  ݌ƸԦ  is the momentum operator, ܿ is the speed of light, ݊ is the refractive index, ߝ଴  is electric 
permitivity of vacuum, ܸ  is the effective volume of the sample. 
Substituting (8) and (9) into (10) and replacing the delta function by a Lorentzian with a halfwidth of maxima ߁, 
one can arrive at the following equation: 
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an effective mass of electron (hole) respectively and ݈௘௙௙  is effective width of the structure. 
We have assumed that the considered structure is at the absolute zero temperature and initially electron is in the 
ground state of valance band.  
4. Discussion 
Numerical calculations are carried for a typical In1-xGaxAs/InAs/In1-yAlyAs QW with parameter values; ݉௘כ ൌ
ͲǤͲʹ͵݉଴,݉௛כ ൌ ͲǤͶ݉଴ǡ ݔ଴ ൌ ͲǤ͵ǡ ݕ଴ ൌ ͲǤͶ, ܽ଴ ൌ ʹܽ஻(ܽ஻ ൌ ͵ͶͲՀ is the effective Bohr radius of InAs),  
݊ ൌ ͶǤͲͻͻ, ߁ ൌ ͳǤʹߤܸ݁  and  ܧோ ൌ ͵Ǥͷܸ݉݁ (the effective Rydberg  energy of InAs). 
 
 
Figure 1, demonstrates the diffused potential profile in the growth direction for various values of dimensionless 
diffusion length ܮ ൌ ݈Ȁሺ̴ܽͲȀʹሻ. As is seen from the figure the initially rectangular profile of potential well smears 
out due to interdiffusion. The increase of diffusion length leads to the increase of well width at its upper part and to 
narrowing of its width at lower part at first stage and to rising up of well’s bottom for enough large values of 
diffusion length at second stage. The asymmetric profile appeared in the figure for enough large values of diffusion 
length ܮ is due to the different values of diffusion coefficient and hence diffusion length for same time interval in 
the left and right sides. 
Figure 2, shows the ground state energy level of ሺܽሻ electron and ሺܾሻ hole in symmetric diffused potential profile 
(In1-xGaxAs/InAs/In1-xGaxAs QW) and asymmetric diffused potential profile (In1-xGaxAs/InAs/In1-yAlyAs QW) for 
various values of diffusion length. As is seem from the figures, the increase of diffusion length causes the ground 
state energy level of electron and hole to rise due to the rising of potential well bottom. This process (rising of 
energy level) takes place faster in the case of symmetric potential profile because in this case the well bottom rises 
faster. Comparing figures two ሺܽሻ and ሺܾሻ one can that for the same value of diffusion length, electron’s ground 
state energy rises more than that of  hole’s because hole is heavier than electron.  
Fig. 1. The diffused potential profile in the growth direction for various values of dimensionless diffusion length ܮ ൌ ௟௔బȀଶ. 
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a b 
Fig. 2. The dependence of ground state energy level of electron (a) and hole (b) in symmetric and asymmetric diffused potential  profile for 
various values of diffusion length. 
 
 
 
 
 
 
In Fig. 3, the dependence of dimensionless absorption coefficient (in units α0=5862 cm−1) on dimensionless 
energy Ω (in units of Rydberg energy) of incident photon for various values of diffusion length is presented. As is 
seen from the figure the absorption coefficient has a sharp increase from zero to its maximum value which 
corresponds to the difference between ground states energies of hole and electron in valence and conduction bands, 
and then decreases exponentially with the increase of Ω. This is because for each value of Ω greater than the above 
mentioned energy difference, there is always a final state in conduction band which the transition of electron can 
takes place from the valence band and mathematically one can conclude that the absorption coefficient is 
proportional to the inverse of Ω. With the increase of diffusion length the peak value of absorption coefficient 
decreases due to the decrease of density of states in conduction band, and takes place at higher values of Ω because 
the difference between ground state energies of hole and electron in valence and conduction bands increases due to 
interdiffusion. 
 
Fig. 3. Dependence of absorption coefficient on dimensionless energy of incident radiation for various values of diffusion 
length. 
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3. Conclusion 
In summary, the effect of interdiffusion of Al, Ga and In atoms on confining potential, ground state energy level 
of electron and interband light absorption coefficient in In1-xGaxAs/InAs/In1-yAlyAs quantum well is investigated in 
the framework of variational method and Wood-Saxon potential model. It is shown that the interdiffusion leads to 
the widening(narrowing) of potential well at its upper(lower) part and to rising up of well’s bottom for enough large 
values of diffusion length. Due to interdiffusion the initially rectangular potential profile becomes asymmetric.  It is 
also shown that the increase of diffusion length causes the ground state energy level to rise. The increase of 
diffusion length leads to the significant decrease in the interband absorption coefficient and to the blue shift of its 
spectrum. 
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